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The Effect of Continued Injections of Large Doses 
of Oestradiol Benzoate") on the Gonads, Endocrine 
Glands and (Growth of Mature Female Rats. 


By W. A. ODENDAAL, Department of Physiology, 
University of Stellenbosch. 


N a recent investigation on the reproductive physiology of the 
albino rat it was noticed that daily injections of oestrin completely 
inhibited its sex cycles. Studies were therefore undertaken to 
determine the infiuence of repeated injections of massive doses of 
the oestrogenic hormone on the reproductive organs, endocrine glands 
and general growth of the mature female rat. 


Early investigators such as Meyer, Leonard, Hisaw and Martin 
(1930), Fevold, Hisaw and Leonard (1931), Spencer, D'Amour and 
Gustavson (1932) and Pincus and Werthessen (1933) pointed out 
that repeated injections of oestrin into rats result not only in an 
inhibition of ovarian but also in general growth. 1Tt therefore seems 
possible that not only the gonads, but the endocrine system as a 
whole is affected by oestrin. 


The reciprocal relationship between the gonads and the 
anterior pituitary has been the subject of investigation irom several 
angles. Workers such as Pencharz and Long (1931), Collip, Selye and 
Thomson (1933), Evans, Pencharz, and Simpson (1934) studied the 
jinfiuence of hypophysectomy on the reproductive system, whereas 
Severinghaus (1933), Ellison and Wolfe (1934), Clark (1985), Hellbaum 
and Greep (1938) and Zeckwer (1939) ijinvestigated the effect of 
gonadectomy on the anterior pituitary. From these results it seems 
generally accepted either that atrophy of the gonads sets in 
immediately after the hypophysis has been removed, or that removal 
of the ovaries results in an increase of the gonad-stimulating power 
of the hypophysis. It is therefore commonly believed to-day by 
several investigators, as for example Bacsich and Folley (1939), that 


1)  Progynon Bloleosum, Schering. 


oestrin exerts its infiuence through the hypophysis. Smith and 
Engle (1930) believed the effect to be one of  activation. Moore 
and Price (1932) suggested an inhibition of the hypophyseal activity, 
whereas Lane (1935) and Halpern and D'Amour (1936) concluded 
that the frst response of the hypophysis to oestrin injections is an 
increased secretory output. 'The stimulus of continued injections, 
however, makes demands upon the hypophysis which exceed its 
rormal productive capacity. 'Therefore, the apparent “ depression.” 
of oestrin-treated pituitaries as judged by their decreased potency 
when implanted into immature animals is merely a reaction to 
intense stimulation. Lane (1935) furthermore pointed out that oestrin 
does not only stimulate the pituitary to liberate 1uteinizing hormone, 


but that it also inhibits the liberation of the follicle-stimulating 
hormone. 'These views are shared by Fevold, Hisaw and Greep (1936), 
Wolfe (1936), Bacsich and Folley (1939), Lauson, Golden and 
Severinghaus (1939) and many others, and to-day it is generally 
accepted that oestrogen suppresses the follicle-stimulating function 
of the pituitary, but promotes the release of the luteinizing hormone. 
The basophils are commonly accepted as the cell-type producing 
the gonad-stimulating hormone. By continued stimulation these 
cells become degranulated, and Halpern and D'Amour (1986) therefore 
believe that absence of granules in these cells means the absence 
of secretion— the excessive stimulation leading to secretory 
exhaustion. 


For the other endocrine glands conflicting reports are given. 
Pincus and Werthessen (1933) and Deanesly (1939) found a certain 
amount of hyperactivity in the thyroid, while Bacsich and Folley 
(1939) agreed to a hypoactive condition following oestrin injections. 
For the adrenals, Cramer and Horning (1936) described certain 
degenerative changes, but Bacsich and Folley (1939) could detect no 
significant change in the weight of the adrenals. 


The present studies were therefore undertaken to determine the 
effect of continued injections of large doses of oestrin on the gonads, 
thyroids, adrenals and growth of the albino rat, and to correlate, 
if possible, the findings with the histological picture presented by 
the hypophysis. 


METHODS. 


Tn preliminary experiments the effect of different doses of oestrin 
were tested out. Doses of 2, 10, 40 and 120 rat units were daily 
injected subcutaneously. The oestradiol benzoate was dissolved in 
sesame oil. Rats were taken at random, some mature and other 
immature, but in all, after an injection period of from three to 
four months, consistent results were obtained, viz., complete sterility. 
The ovaries were small and atrophied, but the hypophyses excep- 
tionally large. Daily vaginal smears revealed a dioestrus state for 
about twenty-one to twenty-two days; thereafter the oestrus smear 
consisted of non-nucleated sduamous epithelial cells until the 
injections were interrupted. In the present series it was therefore 
decided to inject 80 rat units at daily intervals, and to kill off the 
animals at different intervals in order to study the progressive effect 
of the oestrin. 'Twenty-four mature females were taken about a 
fortnight after their first pregnancy (lactation was not allowed), 
and treatment started during the oestrus phase of the cycle. 'The 
rats were divided into four groups of six each. 'The first, second 
and third groups were killed on the 16th, 22nd and 36th days of 
treatment respectively. 'The fourth group received injections for a 
period of 113 days. 'Ten controls were taken, and five were killed 
at the beginning and five at the end of the experiments. All rats 
were kept on a standardized diet. 

The ovaries, uteri, vaginae and endocrine glands dissected out 
were weighed after fixation; this method ensured duick fixation 
for the histological work. The gonads and thyroids were fixed in 
Bouims fluid or 10% formalin and stained with haematoxylin and 
€osin, or haematoxylin and Mallory's triple stain. 'The adrenals were 
fixed in Zenker's or Bouims fluid and also stained with haematoxylin 
and eosin or haematoxylin and Mallory's triple stain. The pituitary 
gliands were examined by the Severinghaus technidue (Severinghaus, 
1932), with a few modifications. This method involves the adoptior 
of a fixative consisting of osmic acid, a dichromate mixture and 
chromic acid, and the preparations were finally stained with acid 
fuchsin, methyl-green and lightgreen. Erythrosin was in some cases 
substituted for acid luchsin, with better results. The second Severing- 
haus method was also used, as this reveals the Golgi apparatus 
and gives good differentiation of the mitochondria from the acidophilic 
granules. Osmic acid impregnation, however, was carried out at 
temperatures of 36” to 37” rather than at 40”, followed by subseguent 
treatment at 359. 


RESULTS. 


The vaginal smears were of an oestrus type for the first two 
to four days and thereafter it changed to dioestrus for a period of 
91 to 99 days (Fig. D). 'These smears showed numerous leucocytes 
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with a variable proportion of nucleated epithelial cells. The dioestrus 
phase was succeeded by the period of oestrus which lasted as long 
as the animals were studied. Towards the end, however, the smears 
changed to an atrophic type. They assumed a dirty appearance 
characterized by atrophied cornified cells with many fractured 
leucocytes, débris or degenerated cells with poorly defined cellular 
outlines. 'These smears could not be distinguished from those taken 
from castrated females that had been subjected to oestrin treatment 
tor several weeks. From the ?26th day onwards some of the females 
were mated with normal males, but although some had as many 
as ten normal matings and spermatozoa were detected in the vaginal 


smears every morning following the mating, placentation never took 
rlace. 


The experimental animals retained a youthful appearance for 
the first three to four weeks. Sexually they were very active as 
contrasted with normal females, but this phenomenon gradually faded 
cff until towards the end they were unwilling to mate. 


GROWTH. 


The average growth curves (Fig. ID) show an increase in weight 
above the controls during the first three weeks of injecton. 'This 
is followed by a retardation of growth until a plateau is reached. 
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UTERI. 


Tables 1 and II and the micro-photographs (Fig. IID) clearly 


show first a hypertrophy and then a progressive atrophy of the 
uterus. 


TaBLE IT: Average weight of Uteri Ovaries and Endocrine Glands. 


Injection Uteri Ovaries Pituitaries Adrenas 
period. (pairs) (pairs) 
Days. me. mg. mg. mg. 
Control] females 5850 61-5 12-0 57:6 
Experimental 
females: 
Group I 16 865-2 85-4 15-8 61:2 
Group II 22 T43-4 76-5 18-9 53:9 
Group II a6 595.17 47-8 30-8 59.5 


Group IV 113 67-8 21:8 584 43-4 
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TaBLE II: Average weight of erperimental organs in mer cent. of 


normal controls. 


Uteri. Ovaries. Pituitaries. Adrenals. 
Group IT 147:9 188:9 181-7 106-3 
Group II 1271 1244 157:5 93:6 
Group III 101:9 77-1 256-7 103-3 
Group IV 62.9 34.6 A488-T 75-4 


An intense hyperemia of the uteri was noticed in the first group 
kitled on the 16th day. 'This appeared to be slightly diminished in 
the second group of rats killed six days later. Large and dilated 
vessels could even be seen macroscopically. Gross and histological 
examination, however, of the third and fourth groups clearly showed 
a decreased vascularity of the muscular and endometrial layers. 'The 
anemic condition was especially striking in the fourth group. 


The hyperemia was associated with an intense hypertrophy of 
the endometrial glands, the endometrial stroma and the muscularis. 
The iining and glandular columnar cells were especially high, 


FIG. TV. 


Macroscopic photograph of Ovaries representing normal and 
control groups. 


1. Control ovary. 
II. First group after 16 days of treatment. 
III. Second group after 22 days of treatment. 
IV. 'Third group after 36 days of treatment. 
V. Fourth group after 1138 days of treatment. 


indicating a highly functional state. This hypertrophy, however, was 
pot maintained for long, for already in the third group after an 
injecticn period of 36 days, the uteri were back to normal size 
again with but 1:9% above the average normal weight. The atrophy 
continued and uteri of the fourth group were but 629% of the 
average control weight. 'The epithelium was low and closely 
approached the castrate condition with few and narrow glands. 'The 
muscular ccats were thin. 


OVARIES. 


After 16 days cf treatment the ovaries were considerably heavier 
than those of the ccntrals with a marked hyperemia (Tables I and IT). 
This weight increase is presumably due to the enlarged corpora lutea, 
for gross and microscopic examination revesled huge snd well- 
developed corpora lutea presenting a picture of high functional 
activity (Figs. IV, VI and VIND). 'The luteal cells were large with 
well-defined cell boundaries. (Only a limited number of very old 
Corpora lutea could be found. Freguently large follicles entrapped 
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Macroscopic photograph of Control, Experimental and Fregnant ovaries. 
Note the size of the corpora lutea. 
1. Control ovary, 
11. Experimental ovary after 16 days of oestrin treatment. 
TI1. Pregnant ovary taken on the 16th day of gestation. 
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in layers of luteal cells were seen (Fig. VIb). These were absent 
in ovaries of the second group, for only mature corpora lutea were 
present. Follicular counts were not made, but a microscopic study 
revealed a relative increase in the number of vesicular follicles. 
The ovaries of the first group could be compared to those taken 
from normal pregnant females on the sixteenth day of pregnancy 
(Fig. V). Macroscopically and microscopically the injected corpora 
` Tutea however appeared to be larger and functionally more active. 


Degenerative changes were aiready in progress in the corpora 
lutea of the second group killed on the twenty-second day. Cell 
boundaries were less clearly defined and the columns of cells showed 
signs of disintegration (Fig. VID. 'These atrophied changes were 
Carried further in the third group killed 14 days later and there 
were already marked signs of decrease in size and weight (Tables I 
and II). 'There were a limited number of corpora lutea with a 
normal appearance, and even the follicles, except the primordial 
ones, showed signs of atresia. 


The inhibition increased with time, and long-termed injections 
resulted in a marked atrophy of the ovaries with a general regression 
of the germinal and interstitial elements. Not only a degeneration 
in the follicular cells, but also a disintegration of the ovum itself 
was noticed. 'The follicular cavities were jilled up with remnants 
of these cells and of fibroblasts. 'There was a relative increase of 
the interfollicular tissue which was only poorly vascularised. 


HYPOPHYSIS. 


Tables I and II show a progressive enlargement of the pituitary. 
This enlargement was even noticeable in the first group killed 16 
days after the injections had been started. The process continued 
and the weight increased from 12 mg. in the controls to an average 
of 584 mg. in the last group, that is it increased 486-1% of that 
of the controls after a total injection of 4,520 ratunits. The increase 
in size can be judged from Fig. VIII. 


A histological examination revealed a marked hyperemia 
accompanied by an apparent increase in the number of bloodvessels. 
The connective tissue was thickened and was present in some places 
in the form of complete septa. 'The early response in the cells 
consisted of a degranulation of some of the basophil cells. 'This 
was progressive, and with continued treatment there was a widespread 
degranulation and enlargement not only of the basophils, but also 
of the acidophils. 'The Golgi apparatus showed definite signs of 
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FT7G. VIII. 


Macroscopic photograph of hypophyses to show the increase in size 
1. Control hypophysis. ' 
II. Hypophysis of the fourth group after 113 days of treatment. 


hypertrophy. especially marked in the later groups, and the 
mitochondria became enlarged and more numerous. Some basophils 
of the last groups, however, contained a small Golgi apparatus 
with few mitochondria. 'These cells did not appear as typical normal 
basophils such as were seen in the first or control groups. 


The chromophobes were much enlarged and relatively increased 
in number partly owing to degranulation of the other types of cells, 
and possibly owing to mitotic division. Many revealed an extremely 
large nucleolus, and accompanying these unclear changes there were 
pronounced alterations in the cytoplasm, (Golgi apparatus and 
mitochondria. 'The Golgi apparatus was characterized by severe 
hypertroph and in some cases occupied nearly as much space as 
the nucleus itself. The mitochondria were conspicuous not only 
because of their increase in size, but also in number. After prolonged 
treatment the anterior pituitary presented a uniform chromophobe 
appearance with swollen, enlarged cells with distinct cell boundaries. 
This hypertrophy of the chromophobes may account in part for the 
enormous weight increase. (Cell counts were not made, but microscopic 
Examination clearly revealed an increase of the chromophobes at 
the expense of the basophils and acidophils. 'The acidophils also 
appeared to be somewhat affected, for degranulation was noticeable 
although it was not so severe as in the basophils. 
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THYROID. 


Weights were not taken, for it was found that the normal 
variability in the weight of the thyroid is great and that moreover 
large numbers of rats would be used for studying weight changes. 


Microscopic examination of representative sections showed an 
early hypertrophy of the gland especially marked in the first group 
witn their high follicular epithelium and the-vacuolization typical 
of hyperactivity (Fig. IX). Accompanying this was a marked 
hyperemia even noticeable macroscopically. 'The hypertrophy then 
changed into atrophy already prominent in thyroids of the third 
group. 'Thyroids of the last group contained enormously enlarged 
follicles filled with colloid and lined hy low cuboidal epithelium 
characteristic of inactive glands (Fig. Te) Furthermore, these 
glands presented a picture of severe anemia. 


Parathyroids were not studied separately, but parathyroid-tissue 
removeë with the thyroids showed regressive changes towards the 
end of the experiment. 'This was interesting, as a softening of 
the skullbones was noticed in the last group, and parathyroids 
are generally associated with the calcium metabolism of the body. 
Authors such as Sutro (1940), Wentworth, Smith and Gardner (1940) 
“nd Landauer, Pfeiffer, Gardner and Shaw (1941) studied the skeletal 
changes which result from oestrogen administration and actually 
reports changes in the calcium and phosphorus ratio. 


ADRENALS. 


The adrenal weights (Table I and ID) are rather variable, but 
the enlargement noticed in the first group was followed by a definite 
decrease in the last group of rats. Microscopic examination revealed 
a hypertrophy accompanied by hyperemia of the cortical layers. 
7he hyperemia of the first groups was noticeable macroscopically: 
they were dark-red in appearance in contrast with a pale-brown 
of the control and last groups. 


The hypertrophy was followed by a mass degeneration in the 
last group. The zones were less clearly demarcated, the cell columns 
showed signs of disintegration, cell boundaries were less distinct and 
nuclei small and pyknotic (Fig. X). Decrease in cell size and excessive 
destruction of cortical cells were therefore factors responsible for 
the diminution in the size of the gland. 'The atrophy did not affect 
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Photomicrcgraphs of a control and experimental adrenal showing atrophied changes 
in cortical zones. 


a. Control adrenal. 
b. Adrenal from fourth experimental group after 118 days of treatment. 
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the medulla. It was interesting to note that the size of the 
X-zone, the intermediate zone between the reticularis and the medulla 
(Deanesley 1938), seemed to hbe less affected. The physiological 
demands made on the cortical cells resulted in an increased destruction 
Of the outer layers and these celi remnants seemed to be accumulated 
in the X-zone. 'This appears to confirm the migration theory of 
Zwemer and his associates (Zwemer, Wotton and Norkus 1938). 


DISCUSSTION AND CONCLUSIONS. 


As far as the uteri and the ovaries are concerned, the seduence 
of eveats in the above experiments can reasonably be explained on 
the basis of a release and subseduent exhaustion of the luteinizing 
hormone. 'This results in the formation and maintenance of 
functionally active corpora lutea and conseguently in the production 
of progestin. 'The progestin produced modified the effect of the 
administered oestrin, and instead of a continuous oestrus as was 
witnessed at the beginning, a dioestrus smear was obtained for 
three weeks (Fig. D). Degeneration of the Corpora lutea at the end 
of this period resulted in the abolishing of this antagonising effect, 
and the oestrin now acted on the vaginae itself to produce the 
cornified cells of oestrus. 'This accounts for the continuous oestrus 
obtained from the twenty-second day. The animals now entered a 
state characteristic of a gradual disappearance of the hypophysis 
as far as the corpora lutea were concerned. 'The microscopic sections 
(Fig. VII) revealed that the atrophy of the corpora lutea must have 
been in progress when the second group of animals were killed. 
With the corpora lutea degenerating, the uteri, as was found in 
animals after castration,2) immediately started atrophying, although 
at a much slower rate (Fig. IID. 

The progestin thus produced is held responsible for the hyper- 
trophy of the uteri, but on the other hand oestrin might have had! 
a direct effect on the uterus. In preliminary experiments it was 
found that uteri of ovariectomized animals undergoing atrophy, could 
again be stimulated to growth by the administration of oestrin in 
dosages similar to those used in the present experiments. A similar 
hyperirophy associated with a hyperemia was produced in these 
castrated animals. 'The mechanism of such a direct action has been 
explained by Hechter, Lev and Soskin (1940). It may be divided 
into two groups: those specific of oestrin and those which are 


2) Unpublished results. 
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secondary and appeared to be the result of its hyperemic effect. 
Proliferation and hypertrophy of the endometrial glands are 
attributable to its specific action, whereas its hyperemic effect seems 
to be responsible for the development of the endometrial cells and 
muscle jicres, and is secondary. A synergistic action between the 
injected oestrin and the progestin produced seems therefore a better 
€Explanation for the extraordinarily large uteri otherwise difficult to 
account for. Furthermore, had it not been for this direct effect, 
the atrophy would certainly have been more advanced in the third 
group. Oestrin, therefore, seems to retard the degenerative changes 
in the uterus, as was also found in direct experiments on castrated 
animals. 


In the present experiments, therefore, the progestin, as in 
pregnancy, was responsible for the dioestrus smear. 1Tt inhibited the 
cornification of the vaginal epithelium and had as a Tesult a 
continuous leucocytic infiltration of the endometrium. These 
leucocytes were released into the lumen and could be seen in large 
dutantities in the smears. On the other hand, the vast hypertrophy 
0? the uterus seems to be attributable to the synergistic action of 
the two hormones, oestrin and progestin. Synergistic actions between 
the two hormones is generally accepted (Robson 1937). Tt depends 
on the duantities used. 


The cells associated with the gonadotropic functions of the anterior 
pituitary are believed to be the basophils (Severinghaus 1933, Wolfe 
and Chadwick 1936). 'Their progressive degranulation witnessed in 
these experiments definitely confirms this theory. In the first place 
large duantities of the luteinizing hormone were released, but the 
supply became exhausted and resulted in atresia of the corpora lutea. 
Contemporaneous with this exhaustion could be seen a depletion of 
the granular content of the basophils. It could, however, be argued 
that the functional life of the corpora lutea is but three weeks, but 
preliminary experiments showed that it is possible to prolong the 
life of the corpora lutea of pregnancy for days or even weeks. The 
controling factor must therefore be looked for in the pituitaries. 
Furthermore, Wolfe and Chadwick (1936) and Diaz, Phelps and 
Ellison (1938) have shown that pituitaries of oestrin-treated animals 
either reveal a decrease of its gonad-stimulating effect, or with 
continued treatment lose their luteinizing properties when implanted 
into immature mice. Castration on the other hand results in an 
increase of its sex-stimulating potency (Severinghaus 19383, Clark 
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1955, Hellbaum and Greep 1938, and Zeckwer 1939), but this increase 
can again be checked or reduced by suitable oestrin treatment (Phelps, 
Eilison and Burch 1939). Tt would therefore seem that the hypophyses 
were affected by the oestrin treatment. That the pasophils are 
chiefiy responsible for the gonadotropic function of the pituitary 
could furthermore be seen in the hypertrophy of their Golgi apparatus 
and mitochondria: cell structures held responsible for the functional 
activities of the cell. The number of granules available seems to be 
the limiting factor in the response of the pituitary to oestrin treat- 
ment. 'The amount of granular content of these cells may therefore 
be taken as an index of gonadotropic potency. 


The ovaries of the last group could be compared favourably with 
those of the hypophysectomized animal (Collip, Selye and Thomson 
1933). It therefore seems permissible to conclude that their hypophyses 
had been exhausted of their gonadotropic hormone content. 


Tt is interesting to note from these experiments that the basophils 
and acidophils could be transformed into chromophobes. The 
chromophobes are generally accepted as the non-secretory precursors 
of the secretory cells; the basophils and acidophils (Severinghaus 
1933), and in these experiments the process seemed to be reversed. 
The present results therefore serve as further evidence of 
Severinghaus' “transition” theory. 


Another interesting point is that in the experimental ovaries no 
abnormal numbei of corpora lutea had been noticed, but only a 
relative inorease in the number of vesicular follicles. This may be 
explained on the assumption that ovulation, and conseguently true 
luteinization, is, as is generally accepted, dependent on a proper 
balance between the follicle-stimulating and luteinizing activities of 
the anterior pituitary. The former, therefore, seemed to be deficient 
in these animals and the formatior of new corpora lutea limited 
to traces already present at the beginning of the injections. 'That 
ap. increased amount of the luteinizing factor actually became 
available at the beginning of the experiments, was indicated by the 
presence of follicles entrapped by rapid luteinization. Lane (1935) 
sugsests that the anterior pituitary hormones have little infiuence 
on the total number of ova present in the ovary, but that they 
exert their effect primarily on the follicles after these have been 
formed. 'The follicle-stimulating hormone probably acts on the 
pro-granulosa cells surrounding the oocyte, and by stimulating them 
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to division causes the formation of small primary follicles. 'The 
inteinizing hormone is apparently without effect as far as the 
formation of new primary follicles is concerned, but it acts chiefly 
by stimulating the formation of antra in those follicles already 
present, hereby accounting for the increase in the vesicular follicles. 
The follicle-stimulating hormone, therefore, seems to be inhibited 
in these oestrin-treated animals and conseduently also ovulation and 
subsedguent `luteinization. These results harmonize with the 
experimental findings of Foster and Fevold (1938) who were able 
to prove that follicle-stimulating hormones alone will not induce 
Oovulation, but the administration of follicle-stimulating hormone with 
traces of the luteinizing factor always results in ovulation. Continued 
anterior lobe administration results in ' super ”-ovulation and 
luteinization (Haterius and Charipper 1931). 'The present experimental 
findings, ...erefore, seem to be further proof of the existence of two 
kinds of gonadotropic hormones. 


GROWTH. 


From the average growth-curves (Fig. IT) it appears that not 
only gonadotropic but also changes associated with other functions 
Of the pituitary have been brought about. 'The duestion arises 
whether the oestrin has a stimulation and subseduent exhaustion 
effect on the growth hormones, or whether it has an inhibiting 
effect only causing the pituitary to secrete less growth hormone. 
The weight increase at the beginning and the degranulation of the 
acidophils all support a stimulation effect which results in an 
exhaustion of the growth hormone content. Acidophils are commonly 
associated with growth (Cushing 1933). Many workers such as 
Freudenberger and Clausen (1937) and Bogart, Spirling, Barnes and 
Asdell (1940), however, suggest an inhibiting effect on the anterior 
pituitary. 'This view is further supported by the fact that either 
castration (Tang 1941), or pregnancy (Cole and Hart 19388) may 
result in an acceleration of growth. Gonadectomy removes the source 
Of oestrin, whereas the progestin produced by the corpora lutea 
of pregnancy may antagonize the oestrin effect. One could also 
suggest a direct retarding effect on body growth, but the balance 
of evidence seems to be in favour of the pituitary as the intermediate 
agent. Other endocrine organs may also have been affected directly 
or indirectly, for example the adrenals and thyroids, for both are 
concerned with sexual activity and metabolism and their response 
to oestrin injections cannot be overlooked. 
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An important point is whether growth as measured by weight 
in an accurate indication of growth change, for weight is infiuenced 
by other factors than skeletal size such as body fat. Somatometric 
measurements may prove to be a more reliable method and work 
now in progress may confirm this view. 


'THYROID. 


Tbese results are further proof of a relationship between the 
tbyroid and reproductive organs. 'That such a relationship exists 
'as already been proved conclusively. Smelser (1939) showed that 
thyroidectomy causes a definite reduction in the weight of the 
geEessory reproductive organs of the male rat and results in a 
marked decrease in sperm production. He, however, found no change 
in the gonadotropic potency of the hypophysis, but the conclusion 
was drawn that thyroidectomy decreased the amount of gonadotropic 
hormone passed into the bloodstream. 'Turner and (Cripps (1940) 
on the other hand reported a reduction of the thyrotropic content 
Of hoth female and male pituitaries following gonadectomy. Oestrogen 
administration appeared to maintain the normal level of thyrotropin 
in their castrated females but not in the males. Pincus and 
Werthessen (1933) reported an increase in thyroid weight itself after 
oestrin treatment. 'This increase was at a maximum after five days 
of injection and was followed by a progressive decrease. 'They 
concluded that there was an immediate effect which continued 
injection could not sustain. 


The guestion is in how far the oestrin effect is by way of the 
pituitary. Victor and Andersen (1938), working on metabolic changes 
in the liver, suggested that oestrogen administration Tesults in 
increased secretion from the pituitary which stimulates thyroid 
activity. 'The active state of the rats during the first few weeks 
may be partly explained along these lines. 'The oestrin causes the 
anterior pituitary to increase its thyrotropic output, hypertrophy of 
the thyroid then results, and conseguently a heightened metabolism. 
The inactiveness noticed towards the end may be associated with an 
exhausted state of the pituitary. 1Tt is a moot point, however, whether 
sex urge covld be associated with thyroid activity, or whether there 
is a definite relationship between the thyrotropic and growth hormones 
of the anterior pituitary. 
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ADRENALS. 


Histologists attempting to ascribe to one type of anterior pituitary 
cell the production of adrenotropic hormone were unsuccessful in 
doing so. Nevertheless a pituitary-adrenocortical relationship has 
been proved conclusively by workers as Shumacker and Firror (1934) 
or Swann (1940). It has been shown that hypophysectomy results 
in an atrophy and rapid decerease in the weight of the adrenal glands. 
The histologie changes can be inhibited either by hypophyseal 
implants or by injections of suitable hypophyseal extracts. Only 
the cortex and not the medulla was affected by these experiments. 
We may thêrefore conclude that the oestrogen administrated interfered 
with the adrenotropic function of the pituitary. 


The atrophy may, however, be partly ascribed to a castration 
effect. Friedgood and Foster (1938), Blumenfeld (1939), McKeown 
and Spurrell (1940) and Tang (1941) were all able to report a direct 
relationship between the adrenals and gonads. Aftrophy results from 
gonadectomy. Nevertheless, the hypertrophy found in the present 
experiments seems to indicate a release of some adrenotropic factor 
ky the anterior pituitary, for the above authors were unable to 
ascripbe this hypertrophy to a corpus luteum effect. It would therefore 
seem that the reproductive functions of the cortex are under direct 
control of the anterior pituitary. Disturbances in the gonadotropic 
function of the pituitary may therefore also result in changes of 
the cortical zones. 'This seems to confirm the theory advanced by 
Zwecker (1938) that the same basophil may elaborate a commcn 
activator substance for both adrenals and gonads, the effect, however, 
depending on the “end” organ. 


In the light of the present results it was interesting to ascertain 
the infiuence of oestrin cn the duration of pregnancy in the rat. 
Experiments were therefore carried out in which oestrin in doses 
similar to those used above was administered subcutaneously, starting 
from the sixteenth day of pregnancy. Vaginal smears were taken 
dsily and only rats showing the positive “ vaginal sign” were 
treated. In these animals parturition was delayed for days or even 
weeks. Animals killed on the fifth day for study were still in perfect 
health. 'The corpora lutea seemed to be larger than those of 
pregnancy, the hypophyses were enlarged and the embryos in the 
majority of cases appeared to be normal and alive. On the tenth 
and fifteenth day, however, absorption was already well advanced. 
In the living animal resorption was indicated by the occurrence 
OZ continuous bleeding from the vagina. 
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When one tries to interpret this prolongation of pregnancy in 
view of the foregoing results, the only reasonable explanation seems 
to be that the administered oestrin acts as a further stimulus to 
the hypophysis, causing it to secrete more luteinizing hormone and 
thus prolonging the functional life of the corpora lutea and 
conseduently pregnancy. 1t may therefore be suggested that in the 
rat the corpora lutea are functional throughout the course of 
gestation and that this luteal function is primarily dependent on 
the secretion of the follicular hormone. Parturition, therefore, does 
not result from exhaustion of the pituitary, but rather from a fall 
in the oestrogen level. 'This, however, cannot be applied to human 
beings, for it is definitely known that the termination of pregnancy 
is not determined by a failure of the corpus luteum. Removal of 
the ovaries is not always followed by an interruption of gestation 
as in Tats. Species variation, however, as has been suggested by 
Haterius (1936), is a factor that cannot be overlooked in considerations 
regarding the comparative physiology of reproduction. 


SUMMARY. 


1. Continued administration of large doses of oestradiol benzoate 
resulted in an initial hypertrophy and subseduent atrophy of the 
ovaries, uteri, adrenals and thyroids in the rat. 


2. Daily vaginal smears showed a prolonged dioestrus of about 
three weeks followed by a vaginal reaction of continuous oestrus. 


3. Growth was retarded after an initia! increase. 


4. 'The hypophyses showed a progressive increase in weight and 
a progrpssive degranulation of the basophils, partial degranulation 


of the acidophils and transformation of the basophils and acidophils 
into chromophobes. 


6. 'Theories have been formulated to explain the mechanism of 
the oestrin action. 
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